The classical concept of quantum-cascade (QC) lasers is a periodic repetition of active sections and so-called injector regions. In the active sections the photons are generated, while the injector regions enable the transfer of the electrons throughout the structure. Due to their doping, the latter act as an electron reservoir and provide stable current flow. Furthermore, the injector prevents a thermal backfilling of the lower laser state. However, the main disadvantage of this concept is the lengthening of the active stage with optically passive and slightly absorbing material. QC lasers without injector regions are expected to yield improved performance, provided that the electron transfer can be managed otherwise and thermal backfilling can be avoided. Previously, injectorless QC lasers (λ~10 µm) have been realized, but up to now their performances have been low, showing high threshold current densities and a maximum operating temperature of 200 K only [1, 2] . We have already demonstrated improved injectorless QC lasers with a four-level staircase active region [3, 4], but only in a restricted wavelength-range (λ~8-10 µm). This is because with the absence of an injector-miniband, shorter wavelength emission (<8 µm) cannot be achieved without applying very high bias fields. Recently, we have realized an injectorless QC laser emitting at ~6.8 µm at a bias field of 96 kV/cm. The layer sequence of one period of the active region starting with a barrier is: (2.8/4.0) (1.3/5.0) (1.0/6.5) (1.0/1.2) (1.4/2.8) (in nm). The active region is designed as a fivelevel staircase, with three lower levels and two upper levels. Using three lower levels instead of two [3, 4], helps to prevent a thermal backfilling of the lower laser state, which is especially important in a design without injector-miniband. Because of the larger proportion of GaInAs in this injectorless design scheme, the active region is realized in the material system Al 0.635 In 0.365 As/Ga 0.4 In 0.6 As to achieve straincompensation. The resulting conduction-band offset is about 690 meV. Several samples of this type have been fabricated, to optimize parameters like the number of periods and the doping in the active region. Devices with 4 mm cavity length from a sample with 60 periods of active sections and a doping of 6.2×10 10 cm -2 show threshold current densities as low as 0.15 kA/cm 2 at 77 K and 1.65 kA/cm 2 at 300 K. The laser threshold voltage at 300 K is ~12.9 V and no instabilities of the I-V-curves are observed. The maximum operating temperature in pulsed mode is about 420 K.
